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molybdates, ahphatic, ahcyclic or heterocyclic 
amines and sodium carbonate. They are con- 
ventionally used in a combination of one to 
three, sometimes even more than three, com- 
pounds to prevent corrosion bv antifreeze 
agents, but they still have considerable de- 
fects. Thus for example antifreeze agents con- 
taining phosphorus are very sensitive to metal 
ions, other than alkali metal ions, because the 
30 phosphates are precipitated and mav lead to 
stoppages in the cooling system. Antifreeze 
agents which contain arsenates, molybdates 
and tungstates as corrosion inhibitors behave 
similarly. 

Antifreeze agents containing amines attack 
copper and its alloys. Sodium mercaptobenzo- 
thiazole is therefore often added thereto. Such 
combinations however do not Rive clear solu- 
tions but tend to form precipitates after some 
time owing to hydrolysis and ageing. 

Attempts have already been made to keep 
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solely by accumulating corrosion inhibitors, but 
that rather it is often the case in practice that 
good properties already achieved are lost again 
upon the addition of further components. It 
is particularly difficult to develop an inhibitor 
combination which will give good results under 
varying conditions and not only widi a single 
test and with only one kind of water. 

We have now found that corrosion by 
aqueous antifreeze agents is substantially pre- 
vented when the antifreeze agent is a 1,2-diol 
togedier with the following percentages by 
weight, with reference to the 1,2-diol, of the 
following substances: 0.2 to 2% preferably 
0.5 to 1% of borax, 0.1 to 1% preferably 
0.2 to 0.4% of sodium nitrate, 0.1 to 1%, 
preferably 0.2 to 0.4% of sodium nitrite, 0.01 
to 0.1%, preferablv 0.02 to 0.04% of sodium 
silicate, 1 to 4%, preferably 1.5 to 2.5% of 
sodium benzoate, and 0.01 to 0.5%, prefer- 
ably 0.05 to 0.2% of benzotriazole. The 
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We, Badische Anilin-& Soda-Fabrik 
Aktiengesellschaft, a German Joint Stock 
Company of Ludwigshafen/Rhine, Germany, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
f ollowing statement : — 

It is known that aqueous antifreeze agents 
cause corrosion phenomena in piping systems. 
For this reason corrosion inhibitors are added 
to such antifreeze agents. Such corrosion 
inhibitors include for example borax, sodium 
dichromate, sodium mercaptobenzothiazole, 
sodium silicate, potassium or sodium phenyl- 
amino acetate, alkaline earth metal borates, 
triethanolamine, alkali metal and ammonium 
salts of phosphoric acid and of polvcondensed 
phosphoric acids, benzotriazole, alkali metal 
arsenites, alkali metal arsenates, alkali metal 
molybdates, aliphatic, alicyclic or heterocyclic 
amines and sodium carbonate. They are con- 
ventionally used in a combination of one to 
three, sometimes even more than three, com- 
pounds to prevent corrosion bv antifreeze 
agents, but they still have considerable de- 
fects. Thus for example antifreeze agents con- 
taining phosphorus are very sensitive to metal 
ions, other than alkali metal ions, because the 
phosphates are precipitated and mav lead to 
stoppages in the cooling system. Antifreeze 
agents which contain arsenates, molvbdates 
and tungstates as corrosion inhibitors behave 
similarly. 

Antifreeze agents containing amines attack 
copper and its alloys. Sodium mercaptobenzo- 
thiazole is therefore often added thereto. Such 
combinations however do not Rive clear solu- 
tions but tend to form precipitates after some 
time owing to hydrolvsis and ageing. 
. Attempts hav e already been made* to keep 



calcium ions in solution by means of poly- 
phosphates. Polyphosphates have the dis- 
advantage however that in the course of time 
they hydrolyse and thus lose their activity. 

Antifreeze agents with a content of sodium 
benzoate and sodium nitrite have the disadvan- 
tage that they have only a low buffer capacity 
and consequently are very sensitive to acid 
oxidation products of ethylene glycol and to 
water having an acid reaction. 

Although this disadvantage does not occur 
when inhibiting corrosion by means of borax, 
antifreeze agents inhibited with borax have 
the disadvantage that the corrosion inhibiting 
effect is dependent to a more pronounced 
degree on the working conditions than in the 
case of the previously mentioned antifreeze 



It is known to the expert that weaknesses 
of individual inhibitors cannot be obviated 
solely by accumulating corrosion inhibitors, but 
that rather it is often the case in practice that 
good properties already achieved are lost again 
upon the addition of further components. It 
is particularly difficult to develop an inhibitor 
combination which will give good results under 
varying conditions and not only with a single 
test and with only one kind of water. 

We have now found that corrosion by 
aqueous antifreeze agents is substantially pre- 
vented when the antifreeze agent is a 1,2-diol 
together with the following percentages by 
weight, with reference to the l«>2-diol, of the 
following substances: 0.2 to 2%, preferably 
0.5 to 1% of borax, 0.1 to 1%, preferably 
02, to 0.4% of sodium nitrate, 0.1 to 1%, 
preferably 0.2 to 0.4°/. of sodium nitrite, 0.01 
to 0.1%, preferablv 0.02 to 0.04% of sodium 
silicate, 1 to 4%, preferably 1.5 to 2.5% of 
sodium benzoate, and 0.01 to 0.5%, prefer- 
ably 0.05 to 0.2% of benzotriazole. The 
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sodium ion in one or more of the sodium 
compounds may be replaced partly or wholly 
by one or more other alkali metal or am- 
monium ions. If equivalent ammonium salts 

5 are used, it is advantageous to add a further 
component, for example sodium mercapto- 
benzothiazole in amounts of 0.1% to 1% by 
weight, to protect copper-containing alloys. 
It is moreover advantageous to add to the 

10 antifreeze concentrates containing the said 
compounds, one or more compounds which 
increase the resistance to ageing, for example 
phenylglycine potassium salt, phenylglycine 
sodium salt, aminocarboxylic acids, such as 

15 glycocoll, alanine, or isatic acid, isatin or 
cyclic glycol carbonates derived for example 
from ethylene or propylene. If desired, aliph- 
atic alcohols, amines and aqueous antifreeze 
agents based on 1,2-diols, which contain the 

20 said combination as corrosion inhibitors, may 
be used in cooling systems which are composed 
of a great variety of metals or metal alloys. 

As may be seen from the following Ex- 
amples, water of greatly varied composition 

25 may be used for diluting the antifreeze agent 
concentrates without the corrosion inhibition 
of the coolant being affected. This is more 
surprising because it is known that the in- 
fluence of different kinds of water on the 

30 inhibiting and corrosive properties of an in- 
hibitor combination is very great and that 
often the desired improvement cannot be 
achieved by combining individual compounds 
having corrcsion inhibiting properties. Often 

35 the corrosion inhibition is worsened. 

The superiority of the combinations accord- 
ing to this invention over the compounds 
hitherto used for corrosion inhibition may be 
seen from the following experiments. 

40 The tests were carried out according to 
ASTM specifications (ASTM D 1384 — 55 T, 
published by the American Society for Testing 



Materials, 1955) or by the method of 
Eidgenossische Materialpriifungs- und Ver- 
suchsanstalt fur Industrie, Bauwesen und 
Gewerbc, Zurich (hereinafter referred to as 
EMPA), published in "Schweizer Archiv fur 
angewandte Wissenschaft und Technik", 22, 
pp. 65 — 74, March 1956. 1 part by volume 
of antifreeze agent concentrate is diluted with 
2 parts by volume of the following kinds of 
water: — 

1. distilled water, 

2. Ludwigshafen drinking water, 

3. distilled water at 10° German hardness, 
hardened according to DIN 53902, 

4. synthetic lime water at 20° German 
hardness (140 mg of highest-purity calcium 
oxide are dissolved with carbon dioxide 
in 800 ml of distilled water, 4 ml of 
solution A and 2 ml of solution B, prepared 
according to DIN specification 53902, are 
added and the whole is made up to 1000 ml 
with distilled water). 

The following abbreviations are used: — 
The corrosion values (denoted by K in the 
Examples) are given in the decrease in weight 
per sq. cm. rounded off to the nearest mg. 
Values of less than 0.5 are regarded as very 
good and values below 1 as good. Values less 
than 1 are therefore in general not given 
individually, although in all tests aU the 
metals mentioned in the text were tested. 
The indices following the letter K indicate the 
metal or alloy to which the value applies. 

The following metals and alloys were 
tested:— Cu copper; br brass; RB red-brass; 
SS soft solder; GCI grey cast iron; II ingot 
iron (soft steel); Al pure aluminium; Sil 
Silumin (an aluminium alloy containing 
silicon); CA1 cast aluminium. 

Percentages in the Examples are by weight 
and parts are parts by volume. 

ple 1 



1 part of ethylene glycol, inhibited with 1% of borax, 0.3% of 
sodium nitrate, 0 . 35% of sodium nitrite, 2 . 25% of sodium benzoate, 0 . 03% 
of sodium silicate and 0.07% benzotriazole, is diluted with 2 parts of 
water: — 



No of water according 

to ASTM: — I 


2 


3 


4 


K is less than . 
1 for all samples 


KSS = 1 
K is 0.2 or 
less for all 
other samples 


K is less 
than 1 for 
all samples 


KSS = 1 
K is 0.2 or 
less for all 
other samples 


No of water according 
to EMPA 1 


2 


3 


. 4 


K is less than 
1 for all samples 


K is less 
than 0.3 for 
all samples 


K is less 
than 0.6 for 
all samples 


K is less 
than 0.2 for 
all samples 
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Example 2 

_ mni 1 part of 1,2-propylene glycol, inhibited with 0.5% of borax, 
0.3% of sodium nitrate, 0.35% of sodium nitrite, 2.25% of sodium 
benzoate, 0.03% of sodium silicate and 0.07% of benzotriazole, is diluted 
with 2 parts of water, 

Water No (ASTM) 1 2 3 4 

* ? S . - * ^ h ^ ^ K is less K is less 

K is less than than 0.8 for than 0.7 for than 0.8 for 

0.1 for all all samples all samples all samples 
other samples r 



Water No (EMP A) 1 2 3 4 

K SS = 1 K is less K is less K is less 

K is less than than 0.2 for than 0.2 for than 0.1 for 

0.2 for all all samples ail samples all samples 
other samples 



Example 3 



1 part of ethylene glycol, inhibited with 1% of borax, 0.3% of 
sodmm nitrate, 0.35% of "sodium nitrite, 2.25% of sodium benzoate, 
0.03% of sodium silicate, 0.07% of benzotriazole and 0.2% of isatin, 2 

minted with O narfc n-F nmtm.- ' 3 



diluted with 2 parts of water: — 
Water No (ASTM) 1 



5 ? S i = I *F 18 less K » less K is less 

K is less than than 0.8 for than 0.5 for than 0.8 for 

0.2 for all all samples all samples all samples 
other samples F 



Water No (EMP A) 



K SS = 1 K is less K is less K is less 

^ ^ s _less than than 0.2 for than 0.4 for than 0.2 for 
Ler s^les ^ sam P lcs all samples all samples 
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Example 4 

1 part of ethylene glycol, inhibited with 2% of benzoic add, 1% of 
cydohexylamine, 0.9% of 30% caustic soda solution, 0.3% of sodium 
nitrate, 0.3% of sodium nitrite, 0.1% of benzotriazole, 0.03% of sodium 
silicate, 1% of borax, 0.1% of 1,2-propylene glycol carbonate,. 0.1% of 
isatin and 0.5% of tridecanol, is diluted with 2 parts of water:— 



Water No (ASTM) 1 


2 


3 


4 


K is less than 
0.5 for all 
samples 


K is less 
than 0.5 for 
all samples 


K is less 
than 0.3 for 
all samples 


K is less 
man 0.5 for 
all samples 


Water No (EMPA) 1 


2 


3 


4 


K is less than 
0.3 for all 
samples 


K is less 
than 0.7 for 
all samples 


K is less 
than 0.1 for 
all samples 


K is less 
than 0.3 for 
all samples 




Example 


5 




1 part of ethylene glycol, inhibited with 0.5% of borax, 0.2% of 
a mixture of the sodium and potassium salts of phenyl glycine, 0.3% of 
sodium nitrate, 0.35% of sodium nitrite, 2.25% of sodium benzoate, 
0.07 of benzotriazole, 0.5% of tridecanol and 0.03% of sodium silicate, 
is diluted with 2 parts of water: — 


Water No (ASTM) 1 


2 


3 


4 


KSS = 0.7 
K is less than 
0.1 for all 
other samples 


K is less 
than 0.6 for 
all samples 


K SS — 0.8 
K is less 
than 0.2 for 
all other 
samples 


K is less 

than 0.6 for 

all samples 


Water No (EMPA) 1 


2 


3 


4 


K is less than 
0.5 for all 
samples 


K is less 
than 0.6 for 
all samples 


K is less 
than 0.4 for 
all samples 


K is less 
than 0.8 for 
all samples 
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Example 6 

1 part of ethylene glycol, inhibited with 0.5% of borax, 0.2% of 
a mixture of the sodium and potassium salts of phenyl glycine, 0.3% of 
sodium nitrate, 0.35% of sodium nitrite, 2.25% of sodium benzoate, 
0 . 07% of benzotriazole, 0 . 03% of sodium silicate andO . 2% of 1,2-propylene 
glycol carbonate, is diluted with 2 parts of water: — 

Water No (ASTM) 1.2 3 4 



K is less than K is less K is less K is less 

0.6 for all than 0.6 for than 0.4 for than 0.4 for 

samples all samples all samples all samples 



Water No (EMPA) 12 3 



K is less than K is less K is less K is less 

0.6 for all than 0.4 for than 0.4 for than 1 for 

samples all samples all samples all samples 



The following tests A to D are given for purposes of comparison: — 

A 

1 part of ethylene glycol, which contains 2. 5% of borax, is diluted 
with 2 parts of water: — 

Water No (ASTM) 12 3 4 



K is less than K II = 2 K II = 9 KII==4 

0.3 for all K GCI = 7 K GCI = 7 K GCI = 11 

samples K CA1 = 4 K CA1 = 6 K CA1 2 



Water No (EMPA) 12 3 4 



K SS = 4 K II = 2 K Al = 10 K GCI = 12 

K Al = 3 K Al = 9 

K Sil = 1 



B 

1 part of 1,2-propylene glycol, inhibited with 2.5% of borax, is 
diluted with 2 parts of water: — 

Water No (ASTM) 12 3 4 



K is less than K II = 2 K Cal = 15 K GCI = 8 

0.2 for all samples K GGI = 5 K Cal = 7 

K Cal = 7 



Water No (EMPA) 12 3 4 



K is less than K II = 11 K II = 15 K is less 

0.2 for all K GGI = 26 K GGI = 24 than 0.1 for 

samples K Al = 7 KA1=3 all samples 

K Sfl - 7 
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1 part of ethylene glycol, inhibited with 3.7% of methanol amnion- 
? ium phosphate and 0.25% of sodium mercaptobenzothiazole, is diluted 

with 2 parts of water: — 

] / Water No (ASTM) 12 3 4 



K is less than K II = 2 K is less K II = 2 

0.1 for all K GGI = 2 than 0.1 for K GGI = 

samples K Al = 1 all samples 



Water No (EMPA) 1 



K is less than 
1 for all 
samples 



K GCI = 1 



K H - 2 
K GCI = 1 
K Al = 5 



K II = 4 
K GCI = 3 
K Al = 4 
K Sil = 2 



1 part of ethylene glycol, inhibited with 5% of sodium benzoate 
and 0.5% of sodium nitrite, is diluted with 2 parts of water: 



Water No (ASTM) 1 


2 


3 


4 


K SS = 1 


K is less 
than 0.4 for 
all samples 


KSS = 1 


K is less 
than 0.5 for 
all samples 


Water No (EMPA) 1 


2 


3 


4 


KSS =1 


KSS =3 


KSS =3 


K Cu = 1 



KRB = 1 
K Sil = 1 



WHAT WE CLAIM IS: — 

1. An aqueous antifreeze agent comprising 
one or more l 3 2-diols together with the fol- 

5 lowing percentages by weight (all with refer- 
ence to the diol or diols) of the following sub- 
stances: 0.2 to 2% of borax, 0.1 to 1% of 
sodium nitrate, 0.1 to 1% of sodium nitrite, 
0.01 to 0.1% of sodium silicate, 1 to 4% of 

10 sodium benzoate and 0.01 to 0.5% of benzo- 
triazole. 

2. An aqueous antifreeze agent as claimed 
in claim 1 comprising 0.5 to 1% of borax, 
0.2 to 0.4% of sodium nitrate, 0.2 to 0.4% 

15 of sodium nitrite, 0.02 to 0.04% of sodium 
silicate, 1.5 to 2.5% of sodium benzoate and 
0.05 to 0.2% of benzotriazole. 

3. An aqueous antifreeze agent as claimed 
in claim 1 or 2 wherein the sodium ion in one 



or more of the sodium compounds is partly 20 
or wholly replaced by one or more other 
alkali metal or ammonium ions. 

4. An aqueous antifreeze agent as claimed 
in claim 3 which includes ammonium salts and 
also 0.1 to 1% by weight of sodium mercapto- 25 
benzothiazole when the agent is to be used in 
contact with copper-containing alloys. 

5. An aqueous antifreeze agent as claimed 
in any of claims 1 to 4 which also contains one 

or more agents for improving resistance to 30 
ageing. 

6. An aqueous antifreeze agent as claimed 
in any of claims 1 to 5 which also contains 
one or more aliphatic alcohols. 

7. An aqueous antifreeze agent as claimed 35 
in any of claims 1 to 6 which also contains 
one or more amines. 
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8. Aqueous antifreeze agents substantially as J. Y. & G. W. JOHNSON, 

described in any of the foregoing Examples Fumival House, 14—18, High Holborn, 

London, W.G1, 
Chartered Patent Agents, 
Agents for the Applicants. 
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